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Abstract: Experiments were carried out to determine the effect of 2-phenoxyethanol to reduce stress response during the transportation
of Russian and Siberian sturgeons. In transportation experiment 1 (TE1), Siberian sturgeons (687.2 ± 17.41 g) were stocked in tanks
and transported for 90 min (stocking density = 65 ± 0.71 kg/m3). Before transport, 0.5 mg/L 2-phenoxyethanol was applied to the first
group (TE1-A, n = 285) but not to the second group (TE1-B, n = 287). In transportation experiment 2 (TE2), Russian sturgeons (1873 ±
159 g) were divided into two groups and stocked in tanks as they have a density of 60 ± 0.23 kg/m3 water. Before transport, 0.6 mg/L of
2-phenoxyethanol was applied to the first group (TE2-A, n = 99), the second group (TE2-B, n = 101) was left without application. During
the 10 h of transport period (at the 2, 4, 6, and 8 h), 0.6 mg/L 2-phenoxyethanol was applied to the fish in the first group (TE2-A) every
2 h. The results revealed that plasma glucose and cortisol reached their highest level in the anesthetic-free groups (TE1-B and TE2-B)
during transportation in both experiments. There was no difference in the protein levels between anesthetic and anesthetic-free groups.
In the TE1-B and TE2-B, red blood cells and hematocrit decreased, neutrophils and white blood cells increased. However, no changes
were observed in eosinophils and mean corpuscular volume between groups in both experiments. Lymphocyte increased in TE1-B in
comparison to TE1-A and TE1-BT (before transport anesthetic-free fish in TE1). In addition, there was no change in levels of monocyte,
hemoglobin, mean hemoglobin concentration (MCH) and mean corpuscular hemoglobin concentration (MCHC) between TE1-BT, TE1-A,
and TE1-B. Monocyte, hemoglobin, MCH, and MCHC increased in TE2-B compared with TE2-BT (before transport anesthetic-free fish in
TE2) and TE2-A but the lymphocyte count did not change. The results indicated that the use of anesthetic agent 2-phenoxyethanol during
transfer reduced mortality rate (0% and 12.89% in TE1-A and TE1-B, respectively, and 2.02% and 15.84% in TE2-A and TE2-B, respectively)
and physiological stress in sturgeons.
Key words: Acipenser sp., sturgeon, anesthesia, 2-phenoxyethanol, hematological parameters, biochemical parameters

1. Introduction
Wild populations of sturgeon have significantly decreased
due to urbanization and human-made constructions such
as dams preventing route lines of migration, overfishing,
and water pollution, or a combination of these factors with
others as well. As a result of the depletion of natural stocks,
these sturgeon species have almost disappeared a long time
ago. The high-value cultivation of sturgeon is important
not only for economic returns but also for conservation of
wild fish populations worldwide. Nowadays, a promising
growth of sturgeon culture is drawing attention with an
increase from 3100 t in 2000 to around 40,000 t in 2010,
reaching about 100,000 t in 2017 (1). The Russian sturgeon
(Acipenser gueldenstaedtii, also known as diamond or
Danube sturgeon) and the Siberian sturgeon (Acipenser
baerii) are among the important species in recent sturgeon
aquaculture practices. Sedatives and anesthetics are very

useful for decreasing stress caused by aquaculture activities
such as fish transport, artificial reproduction, handling,
sorting, tagging, vaccination, or surgical procedures (2–4).
Hematological parameters have a significant effect on the
determination of conditions that can cause stress in fish
(5). The determination of changes in blood parameters
provides significantly important information regarding
the physiological status of fish (6). Changes in some
blood parameters are frequently used in the monitoring
of the effect of physiological or sublethal stress caused by
endogenous or exogenous changes in fish (7).
Even though transport of live fish provides a better
quality and better market price, plasma cortisol levels
in fish shows remarkable variations. Transport causes
a significant increase in plasma cortisol levels in fish
(8,9). According to Ross and Ross (10) one of the biggest
stressors is mechanical abrasion caused by the contact
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with each other while the fish are carried in high stocking
densities. Robertson et al. (11) reported that medium (30
min) or long-term (5.5 h) fish transport creates severe
stress on fish. If the fish encounters stress, it undergoes
some biochemical changes to survive and maintains
homeostasis (12,13). Cortisol is one of the hormones
related to stress reactions in sturgeons and cortisol
concentration in the serum rapidly increases in the event
of acute stress (14). Metabolites are small molecules that
are intermediate products of metabolic reactions catalyzed
by various enzymes found naturally in cells. It was reported
that metabolites such as glucose, glycogen concentration,
and lactate increased during stress in fish (15). Generally,
when physical and chemical difficulties are encountered,
a stress response that includes physiological processes is
formed. These physiological changes are the first response
involving hormonal changes. The second response includes
metabolites, blood ions, and hematological changes,
and the third response includes the general condition of
the fish (16,17). All organisms (such as bacteria, yeast,
animals, humans) respond to stress by increasing the
synthesis of cellular stress proteins against physical and
chemical stress (18,19). Plasma cortisol, glucose, protein,
and lactate are biochemical parameters used to monitor
stress. Stress-forming factors include handling, capture,
egg maturity control for fertilization, transportation and
spawning (16,20).
Stress can delay or reduce some of the mechanisms
in the defense system, especially in this case the defense
against the pathogen may be compromised and the
immune system of the stressed animal is suppressed
(21). Anesthetic agent decreased the activity and stress in
Atlantic salmon (Salmo salar) during transportation (22).
Anesthetic to be used in the practice should be safe for
fish and human health, it should be cheap and easy to find.
In aquaculture applications, anesthetics can be used to
minimize stress (23).
The primary objective of this study is to evaluate the
effect of anesthetic agent 2-phenoxyethanol on hematologic
(erythrocyte, hematocrit, hemoglobin, mean corpuscular
volume (MCV), mean hemoglobin concentration (MHC),
mean corpuscular hemoglobin concentration (MCHC),
leukocyte, monocyte, lymphocyte, neutrophil, eosinophil)
and biochemical (cortisol, glucose, protein) parameters of
Siberian sturgeon (Acipenser baerii) and Russian sturgeon
(Acipenser gueldenstaedtii) fish during transportation,
which may be a stress factor.
2. Materials and methods
Experiments were carried out during fish transport
operations of a commercial farm involved in sturgeon
breeding in Adana, Turkey. A total of 12 identical
transportation tanks (1 m3 volume each, 6 tanks in the
TE1, and 6 tanks in the TE2) supported with dissolved
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oxygen were used in the experiments. Dissolved
oxygen, pH, and water temperature levels in the
transport tanks were controlled using a YSI 6600 CTD
multiparameter measuring device. The active substance of
2-phenoxyethanol is ethylene glycol monophenyl ether. Its
brief formula is C8H10O2, the molar weight is 138.17 g L–1,
the density is 1.107–1.108, the peroxide content is less than
0.005%, and the boiling temperature is 245 °C (24).
2.1. Transportation experiment 1 (TE1)
Siberian sturgeon (Acipenser baerii Brandt, 1869) with
an average weight of 687.2 ± 17.41 g and mean length of
63.6 ± 8.11 cm were divided into two groups (TE1-A, n =
285 and T1-B, n = 287), tagged and stocked in tanks (tank1, tank-2, and tank-3 anesthetic group as TE1-A, and also
tank-4, tank-5, and tank-6 anesthetic-free group as T1) with a stocking density of 65 ± 0.71 kg/m3 freshwater.
B
Prior to transport, the first group (TE1-A) was subjected to
anesthesia treatment of 0.5 µL/L 2-phenoxyethanol (77699
Sigma-Aldrich), while no anesthesia treatment was applied
in the second experimental group (TE1-B). The total time of
transportation lasted 90 min (starting point 37°18ʹ08˝N,
35°42ʹ09˝ E; end point 37°02ʹ15˝N, 35° 19ʹ22˝ E, Turkey).
2.2. Transportation experiment 2 (TE2)
Russian sturgeon (Acipenser gueldenstaedtii Brandt &
Ratzeburg, 1833) with a mean weight of 1873 ± 159 g and
length of 71.6 ± 4.1 cm were divided into two groups, tagged
and stocked in tanks (tank-1, tank-2, and tank-3 anesthetic
group as TE1-A, also tank-4, tank-5, and tank-6 anestheticfree group as T1-B) at a stocking rate of 60 ± 0.23 kg/m3
freshwater. The first group of fish (TE2-A, n = 99) received
anesthesia treatment with 0.6 µL/L 2-phenoxyethanol
(77699 Sigma-Aldrich) at 2-h intervals ( at 2, 4, 6, and 8 h)
after the start of transportation from the sturgeon farm in
Antalya to Adana (starting point 36°58ʹ24˝ N, 31°03ʹ50˝ E;
end point 37°18ʹ08˝ N, 35° 42ʹ09 ˝E, Turkey) for a total of
10-h transport, while no anesthesia treatment was applied
for the second experimental group (TE2-B, n = 101).
2.3. Blood samples
Blood samples were taken before transport from
anesthetic-free fish (TE1-BT, TE2-BT), after transport from
anesthetized fish (TE1-A, TE2-A), and after transport in
anesthetic-free group (TE1-B, TE2-B) in both experiments
(TE1, TE2). Before and after the transport period, at each
sampling hour, 15 fish were randomly selected from each
tank in the TE1 and 10 fish were randomly selected in the
TE2. Four milliliters of blood was drawn from the caudal
vein of each labelled fish using a syringe (caudal vein
washed with sterile water prior to collecting blood in order
to avoid any contamination), the blood was immediately
transferred into tubes with Ethylenediamine tetraacetic
acid – EDTA (25,26). Taking blood sample procedures
were carried out within 1 min to minimize stress. Two
milliliters of blood samples for biochemical analysis and 2
mL for hematological analysis were transferred to separate
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tubes. The samples were stocked in ice and transported
to the laboratory. The blood was centrifuged at 3250 × g
for 5 min and plasma was removed and stored at 4 °C for
biochemical analysis (22). The samples were analyzed the
same day.
2.4. Hematological and biochemical analyses
Red (RBC) and white blood cells (WBC) were counted
using Natt–Herrick solution and Thoma microslide (27).
In the determination of hemoglobin (Hb) and hematocrit
(Hct), cyan-methemoglobin and microhematocrit
methods were used (27,28). Leukocyte cell types
(lymphocyte, monocyte, neutrophil, and eosinophil) were
identified in blood smears from fishes. Peripheral blood
smears were stained with a mixture of May-Grünwald
and Giemsa. The percentages of leukocyte cell types were
identified using these blood smears by a light microscope
at 100× magnification. A total of 100 leukocyte cells were
counted by thoroughly scanning each blood smear and
the percentages of monocyte, lymphocyte, neutrophil, and
eosinophil were determined (29,30). Erythrocyte indexes
were calculated using the following equations as provided
earlier (27,31):
MCV (μ3) = Hct (%) ÷ RBC (106/mm3) × 10
MCH (pg) = Hb (g/100 mL) ÷ RBC (106/mm3) × 10
MCHC (%) = Hb (g/100 mL) ÷ Hct (%) × 100
Cortisol level was conducted with competitive inhibition
enzyme immunoassay technique (Fish Cortisol ELISA
Kit - Catalogue Number CSB-E08487f) (32). Total protein
and plasma glucose levels were measured with enzymatic

techniques using a commercial enzyme kit (Sigma-Aldrich
QuantiProä BCA Assay Kit- QPBCA, Sigma-Aldrich
Glucose, and Sucrose Assay Kit-MAK013) (33,34).
2.5. Statistical analysis
The results acquired for the hematological and biochemical
parameters were compared using one-way analysis of
variance (ANOVA). Duncan’s multiple comparison test
of the one-way ANOVA was used to compare the mean
differences. The differences were assumed to be significant
at P ≤ 0.05 (35).
3. Results
Among the TE1 groups, RBC and Hct values were significantly lower in the TE1-B compared to those obtained from
the measurement results in TE1-A and TE1-BT (P < 0.05).
Lymphocyte and neutrophil percentages in TE1-B significantly increased compared to the values obtained for the
other groups (P < 0.05). WBC number in the TE1-B showed
an increase compared to the other experimental groups
(TE1-BT and TE1-A). MCH level in TE1-A decreased and were
below the values obtained for the TE1-BT and TE1-B groups
(P < 0.05). There was no change in the levels of Hb, MCV,
MCHC, monocyte, and eosinophil between the TE1-BT
group and the experimental groups of TE1-A and TE1-B
(P < 0.05, Table 1).
Cortisol and glucose values decreased in the TE1-BT
compared to the TE1-A group, whereas increased levels of
cortisol and glucose were found in the TE1-B group compared to the TE1-BT and TE1-A groups. It was observed that

Table 1. Results of hematological analyses in the transportation experiment 1 (TE1)

RBC (×106/mm3)

Before transport TE1-BT After transport TE1-A After transport TE1-B
(anesthetic-free, n = 15) (anesthetic, n = 15) (anesthetic-free, n = 15)
0.93 ± 0.24a
1.03 ± 0.29a
0.79 ± 0.16b

Hct (%)

26.2 ± 0.81a

28.5 ± 0.63a

21.3 ± 0.55b

Hb (g/dL)

8.9 ± 0.30

8.7 ± 0.23

7.4 ± 0.52a

MCV (μ3)

281.72 ± 13.49a

276.70 ± 18.11a

269.62 ± 14.31a

MCH (pg)

95.70 ± 4.09

b

84.46 ± 3.87

93.67 ± 5.25a

33.97 ± 2.83a

30.53 ± 1.75a

34.74 ± 1.91a

WBC (×10 /mm )

11.43 ± 0.52

a

10.27 ± 0.33

14.91 ± 0.64b

Lymphocyte (%)

51.14 ± 2.18 a

49.82 ± 1.95a

57.31 ± 3.26b

Monocyte (%)

5.53 ± 1.17

7.62 ± 2.43

6.96 ± 1.36a

Neutrophil (%)

33.47 ± 2.81a

32.25 ± 1.32a

39.74 ± 1.56b

Eosinophil (%)

1.4 ± 0.15

1.5 ± 0.11

1.1 ± 0.19a

a

a

a

MCHC (%)
3

3

a

a

a

a

a

Data are represented as mean ± SE. The values in the same line with different superscripts are
significantly different (P < 0.05).
Red blood cell (RBC), hematocrit (Hct), hemoglobin (Hb), mean corpuscular volume (MCV),
mean hemoglobin concentration (MCH), mean corpuscular hemoglobin concentration
(MCHC), white blood cell (WBC).
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the protein level did not change in the TE1-B with regard
to the other groups of TE1-BT and TE1-A (P < 0.05, Table 2).
In the TE2 group, RBC and Hct values decreased in
TE2-B compared to TE2-A and TE2-BT. The levels of Hb, MCH,
MCHC, WBC, monocyte, and neutrophil for the TE2-B
increased compared to the values recorded for the TE2-A
and TE2-BT groups. No change in MCV, lymphocyte, and
eosinophil levels was observed between the experimental
groups (P > 0.05, Table 3).
Regarding the protein values, no difference was detected
among the experimental groups of TE2-A, TE2-B, and TE2-BT.
A significant increase was recorded for cortisol and glucose
levels in TE2-A and TE2-B compared to the TE2-BT, with the
highest level in the TE2-B group (P < 0.05, Table 4).
Considering mortality rates in the TE1-trial, no fish loss
was observed in the TE1-A, whereas a 12.89% of mortality
occurred in the TE1-B (13 fish in tank-4, 13 fish in tank5, and 11 fish in tank-6. Mean with standard error 12.33

± 0.67) group exposed to stress of transportation. After
transportation, fish losses were observed in the TE2-trial
with 2.02% for the TE2-A (1 fish in tank-1, 0 fish in tank-2,
and 1 fish in tank-3. Mean with standard error 0.67 ± 0.33)
and 15.84% for the TE2-B (5 fish in tank-4, 6 fish in tank-5,
and 5 fish in tank-6. Mean with standard error 5.33 ± 0.33)
test groups. In the experiments, the average oxygen (O2)
concentration, temperature and pH values in the tanks
were presented in Table 5.
4. Discussion
In recent years, live fish transport in aquaculture has become
an important procedure. Therefore, it is of paramount
importance to develop strategies to minimize physiological
changes during transport. Earlier investigations on fish
stressors reported that fish transportation appears to be
one of the prominent stress factors affecting fish health
status in aquaculture conditions (36). Gülen (37) reported

Table 2. Results of biochemical analyses in the transportation experiment 1 (TE1)
Before transport TE1-BT After transport TE1-A After transport TE1-B
(anesthetic-free, n = 15) (anesthetic, n = 15) (anesthetic-free, n = 15)
Cortisol (ng/ml) 6.33 ± 0.7a
31.7 ± 5.3b
53.2 ± 9.6c
Glucose (mg/dL) 48.7 ± 2.9a

96.4 ± 8.5b

150.1 ± 10.7c

Protein (g/dL)

1.91 ± 0.2

2.3 ± 0.5a

1.77 ± 0.3

a

a

Data are represented as mean ± SE. The values in the same line with different superscripts are
significantly different (P < 0.05).
Table 3. Results of hematological analyses in the transportation experiment 2 (TE2)

RBC (×106/mm3)

Before transport TE2-BT
(anesthetic-free, n = 10)
0.84 ± 0.16a

After transport TE2-A After transport TE2-B
(anesthetic, n = 10) (anesthetic-free, n = 10)
0.87 ± 0.37a
0.72 ± 0.32b

Hct (%)

23.4 ± 0.59a

25.1 ± 0.94a

18.9 ± 0.37b

Hb (g/dL)

7.9 ± 0.80

8.3 ± 0.51

9.7 ± 0.36b

MCV (μ3)

278.57 ± 11.93a

288.52 ± 13.18a

262.50 ± 14.7a

MCH (pg)

94.05 ± 5.81

95.41 ± 4.69

134.72 ± 6.47b

33.76 ± 2.29a

33.07 ± 3.41a

51.32 ± 5.75b

WBC (×10 /mm )

10.14 ± 0.46

9.11 ± 0.62

13.87 ± 0.53b

Lymphocyte (%)

58.64 ± 3.72a

59.78 ± 1.48a

62.25 ± 2.43a

Monocyte (%)

6.98 ± 1.57

6.35 ± 1.74

9.58 ± 2.11b

Neutrophil (%)

40.17 ± 2.26a

38.50 ± 2.43a

48.65 ± 3.14b

Eosinophil (%)

1.9 ± 0.23

2.1 ± 0.14

2.3 ± 0.28a

a

a

a

MCHC (%)
3

3

a

a

a

a

a

a

a

Data are represented as mean ± SE. The values in the same line with different superscripts are
significantly different (P < 0.05) .
Red blood cell (RBC), hematocrit (Hct), hemoglobin (Hb), mean corpuscular volume (MCV),
mean hemoglobin concentration (MCH), mean corpuscular hemoglobin concentration (MCHC),
white blood cell (WBC).
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Table 4. Results of biochemical analyses in the transportation experiment 2 (TE2).
Before transport TE2-BT After transport TE2-A After transport TE2-B
(anesthetic-free, n = 10) (anesthetic, n = 10)
(anesthetic-free, n = 10)
Cortisol (ng/mL) 7.25 ± 1.2a
42.6 ± 3.9b
71.4 ± 8.3c
Glucose (mg/dL) 45.3 ± 2.2a

112.9 ± 9.7b

182.1 ± 12.6c

Protein (g/dL)

1.89 ± 1.1a

2.8 ± 0.8a

1.52 ± 0.7a

Data are represented as mean ± SE. The values in the same line with different superscripts are
significantly different (P < 0.05).

Table 5. Oxygen (O2), temperature and pH values in the tanks.
Before transport

After transport

Before transport

After transport

TE1-A

TE1-B

TE1-A

TE1-B

TE2-A

TE2-B

TE2-A

TE2-B

Oxygen (mg/L)

7.9 ± 0.1

7.8 ± 0.1

7.8 ± 0.2

7.5 ± 0.1 7.2 ± 0.2

7.0 ± 0.2

7.1 ± 0.2

6.9 ± 0.2

Temperature (°C)

17 ± 0.2

17.1 ± 0.1 16.9 ± 0.1 17 ± 0.1

pH

8.2 ± 0.1

8.2 ± 0.1

8 ± 0.2

14.8 ± 0.1 14.8 ± 0.2 15.1 ± 0.1 15 ± 0.2

8.1 ± 0.1 7.8 ± 0.1

7.7 ± 0.1

7.9 ± 0.1

7.8 ± 0.1

Data are represented as mean ± SE.

that hematology provides important information for
diagnosis and treatment in Siberian sturgeon (Acipencer
baerii). Therefore, it has been emphasized that hematology
can be combined with other routine diagnostic means to
determine the health status of fish and it may be a very
useful health indicator in evaluating stress conditions
(38). In the aquaculture sector, anesthetic agents are used
for reducing the mortality rate during live fish transport
and to prevent the deterioration of the general health
condition of fish. Fish transport from hatchery to the
grow-out farm or from a grow-out farm to the market
location is important since fish encounter serious stress
conditions during the transport, including noise and
vibration from vehicle or road structures that might result
in high mortality. The fish that survived the transportation
and reached the new facility might need a certain time
to recover from the stressful conditions. Kayali et al. (36)
reported that European seabass (Dicentrarchus labrax)
exposed to transport and handling stress for 2 h needed
around 24 h for full-recovery and start of active feeding
based on physiological excretion patterns of fish. In the
experiments (TE1, TE2) of the present study, analysis and
monitoring of stress indicators revealed that transport
causes stress in Siberian and Russian sturgeons, which is in
agreement with the earlier report on European Seabass by
Kayali et al. (36). Transport procedures in fish may cause
changes in physiological stress indicators such as cortisol
and glucose (16). Iversen et al. (22) transported Atlantic
salmon (Salmo salar L.) smolts for different durations (0.5,
2.5, and 4.5 h), and measured the plasma cortisol levels

of the fish before the transport (control) and 1 h after the
transport. As a result of the measurements carried out
after the transport, it was determined that the cortisol
values increased significantly in all transport applications
compared to the control group. The researchers have stated
that this increase can be caused by the stress related to the
transportation. In the present study, cortisol levels were
significantly higher than those of the control groups in the
transport applications (TE1, TE2). However, compared to
baseline measurements (control), the increase in cortisol
values in the 2-phenoxyethanol-treated groups was lower
than those of the groups with no 2-phenoxyethanol
application. This was associated with the effect of the
anesthetic agent to reduce the transportation stress. Ross
and Ross (10), observed beneficial effects of anesthetics
during transport of live fish. Sedation provided advantages
to minimize physical damage or stress caused by crowding,
capture, and transport. In our study, cortisol level increased
as an indication of stress condition during both short- and
long-distance live transport (TE1, TE2) in all experimental
groups (TE1-A, TE1-B, TE2-A, and TE2-B). Lower cortisol
levels were detected in the anesthetically treated groups
(TE1-A and TE2-A) compared to the TE1-B and TE2-B groups
(anesthetic-free). According to the results obtained in the
present study, our findings are supported by the previous
research results mentioned above.
The increase of plasma glucose levels as an energy
source, is accepted as an important secondary response
that allows fish to combat stressful conditions (39). Barton
(17) reported a significant increase in plasma glucose level
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after 2 h of transport, reaching a maximum level at 3 h of
transport in rainbow trout. According to the results of the
glucose levels of the fish before and after transportation,
the researcher reported that the stress caused by the
transport increased the level of glucose in fish. Similarly,
according to the results of the present study, transportation
caused stress in the fish resulting in an increase in the level
of glucose. In addition, according to our results, glucose
levels were found to be higher in groups with no anesthetic
agent applications during transport compared to those
with the anesthetic application. This is an indicator of
the stress-reducing effect of 2-phenoxyethanol in fish. In
the study of Barcellos et al. (40), South American catfish
(Rhamdia quelen) were exposed to acute and chronic stress
by usual aquaculture practices. Acute stress was created by
harvesting and then transferring them from one tank to
another. Chronic stress was created by stocking the fish in
concrete tanks in intensive stock ratio. In this experiment,
the glucose values reached the highest level during acute
stress. Pedron et al. (41) applied 2 and 6 mg L–1 benzocaine
for 8-h transportation in juvenile cobia (Rachycentron
canadum) samples. As a result, the glucose increased in
both doses compared to that in the control group, but the
most significant increase was in benzocaine in 6 mg L–1
dose. The researchers, in their study where no deaths were
reported during transport for both doses, reported that
the increase in glucose levels might be due to benzocainerelated stress. In our study, it was observed that in the
group with no 2-phenoxyethanol application (TE2-B)
glucose levels increased 4-fold compared to the baseline
measurements (TE2-BT). Moreover, significant mortality
rates (15.84%) were observed compared to the anesthesia
application (TE2-A) group. 2-phenoxyethanol (0.6 µl/L),
which we applied during the 10-h transport, resulted in
minimal mortality (2.02%) in fish, indicating that the
anesthetic agent used could not be a source of stress in fish.
In a study by Hutchinson and Manning (42), stress was
created by transportation in dab fish (Limanda limanda),
subsequently, total serum protein concentrations were
measured. It was reported that there was no significant
change in protein values compared to the control group.
Inoue et al. (43) applied clove oil (5 mg/L) as an anesthetic
agent to reduce the stress during transport (4 h) in matrinxã
(Brycon cephalus) fish. According to their results, no
differences were found in the plasma protein levels of the
groups with and without anesthesia. They noted that clove
oil has alleviated the stress response as compared to the
fish transported without anesthesia. Additionally, Shaluei
et al. (44) examined the hematological and biochemical
changes to beluga sturgeon (Huso huso) by administering
2-phenoxyethanol at different doses (0.3, 0.5, 0.7, and 0.9
mL/L). They reported that anesthesia in 0.7 and 0.9 mL/L
doses had the lowest effect on hematological and serum
biochemical indices in these fish and these doses can be
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recommended as appropriate doses. They also informed
that there was no significant difference in serum protein
levels between the control and administration groups. Our
results both in the TE1 and TE2 indicated that no difference
was detected in serum protein values between the groups
(TE1-A, TE2-A, TE1-B, TE2-B, TE1-BT, and TE2-BT). In terms of
biochemical parameters (cortisol, glucose, and protein)
the results obtained from our study showed similarity to
the previous above-mentioned studies on the subject.
In a study on catfish (Heterobranchus bidorsalis), a
decrease in RBC and Hct values were reported to be caused
by transport stress. According to them, this reduction was
a result of decreased activity of hematopoietic organs due
to transport stress (45). Similarly, Akinrotimi et al. (46)
examined the effects of transport stress on hematological
parameters in Blackchin Tilapia (Sarotherodon
melanotheron), and found that transport stressed caused
a reduction in RBC and Hct levels. Additionally, Adeyemo
et al. (47) reported a correlation between transport stress
and hematological parameters of African catfish (Clarias
gariepinus), with reduced levels of Hct and RBC in fish
exposed to transportation compared to the control group
(no transportation). In our research, similar results
to those of the studies of Okafor and Achilefu (45),
Akinrotimi et al. (46) and Adeyemo et al. (47) for RBC
and Hct values were obtained. Red blood parameters
are sensitive to environmental factors. Transportation
stress in anesthetic-free groups had a destructive effect
on hematopoietic organs in fish and decreases were
observed in Hct and RBC levels. In the application
groups, no suppression on fish due to the stress-reducing
effect of the anesthesia reduced these values. In another
study, duration of fish transport was a total of 12.5 h, of
which the first 7 h was considered as the first stage and
the rest 5.5 h was called the second stage. No differences
were seen in Hb, MCH, MCHC, and lymphocyte levels in
common carp (Cyprinus carpio L.) subjected to transport
stress of various distances. Some differences were found
in MCV, monocyte, and neutrophil levels (48). Eurasian
perch (Perca fluviatilis) was subjected to stress by 4-h
transport. Hemoglobin levels, MCH, and MCHC did not
show any significant differences as a result of transport
stress. However, MCV levels increased significantly (49).
In an experiment with Paralichthys olivaceus, MCH and
MCHC levels were reported to decrease during transport
(180 min) stress (50). No difference was observed in MCV
under stress conditions caused by fish transport (50,51).
According to Houston et al. (52), different stress factors
may have different effects on the erythropoiesis process in
fish. In our study, in both trials, it was found that there
was a decrease in RBC and Hct values in nonanesthetized
groups after transportation. This result supported those
reported in the previous studies. The decrease in RBC
and Hct values affected the parameters including MCV,
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MCH, and MCHC, and these results may be related
with the negative effects of transportation stress on the
erythropoiesis process. The lack of change in the values of
anesthesia-applied groups is an indicator of the effect of
2-phenoxyethanol on stress.
Stress is one of the factors affecting the immune system,
and poststress immunological suppression may occur.
Pilinkovskij et al. (53) investigated the hematological
effects of transport stress (3 h) on Atlantic sturgeon
(Acipenser oxyrinchus) and noticed that WBC and Hb
levels increased depending on the stress severity during
transport. Rowley et al. (54) noticed that the monocytes
and neutrophils play an important role in the nonspecific
defense system in fish, which form the first line of cellular
defense against any stress. The cellular defense is mediated
by T lymphocytes that can specifically react with antigens.
Some of the T lymphocytes activate phagocytes. Cellular
defense involves the activation of phagocytes (monocytes/
macrophages and neutrophils), cytotoxic T cells and the
release of cytokines and chemokines (55). In a study on
African catfish (Clarias gariepinus), it was indicated that
transport stress did not cause any change in eosinophil
level (47). Similar to our research results, Parodi et al. (56)
reported decreased mortality rates in South-American
catfish (Rhamdia quelen) when using anesthetic during
transportation. Dobšíková et al. (57) transported common
carp (Cyprinus carpio) in two stages (7 h and 5 h) in a total
12 h. At the first stage (7 h) measurement, WBC (G L–1)
increased from 57.56 to 76.33 and to 79.94 at the second
stage (5 h). Lymphocyte value increased from 51.02 to
65.32 in the first stage. Akinrotimi et al. (44) transported
blackchin tilapia 50 km in two groups (with and without
oxygen). The researchers examined the effects of transport

stress on hematological parameters and reported a higher
increase in WBC, lymphocyte, monocyte, and neutrophil
levels in nonoxygen treated groups compared to the other
group as an indicator of defense. In our study, an increase
in WBC level was observed in non-2-phenoxyethanolapplied sturgeons during the transportation, as a result of
the defense mechanism against stress. Our results in terms
of neutrophil values were consistent with those reported
by Wendelaar Bonga (16), who reported that neutrophil
values in blood increased during stress. The lack of an
increase in these parameters in the anesthetic-applied
groups during transportation is the best indication that
2-phenoxyethanol increases resistance and endurance
to stress. The studies carried out on the transportation
stress in different fish species showed that the blood cells
in the immune response showed similar changes to those
obtained in our study.
Most of the deaths that occur during live fish
transportation are caused by incorrect transportation
methods. Can and Sümer (58) reported that peppermint
(Mentha piperita) and lavender (Lavandula angustifolia)
essential oils can be safely used as anesthetic and sedative
agent in tropical fish species. They recommended the
essential oil concentration in the range of 10 to 30 μL L–1
for fish transport. Due to the sedative effect of anesthetics
during transport, the general activity and metabolism
in fish are being slowed down, and stress response is
reduced (59). The result of the study indicated that the
use of anesthetic agent 2-phenoxyethanol in Russian
sturgeon (Acipenser gueldenstaedtii) and Siberian sturgeon
(Acipenser baerii) during transport reduced mortality rate
and physiological stress.

References
1.

FAO (Food and Agricultural Organization). FAO-UN
Fisheries and Aquaculture Information and Statistics Branch.
Online Statistical Query Results 2019.

2.

Mylonas CC, Cardinaletti G, Sigelaki I, Polzonetti-Magni
A. Comparative efficacy of clove oil and 2 phenoxyethanol
as anesthetics in the aquaculture of European sea bass
(Dicentrarchus labrax) and gilthead sea bream (Sparus aurata)
at different temperatures. Aquaculture 2005; 246: 467-481.

5.

Duman S, Şahan A. Some hematological and non-specific
immune responses of rosehip (Rosa canina)-Fed Russian
Sturgeon (Acipenser gueldenstaedtii Brandt & Ratzeburg, 1833)
to Mycobacterium salmoniphilum. Braz Arch Biol Technol
2018; 61: 1-17.

6.

Hoseini SM, Ghelichpour M. Efficacy of clove solution on
blood sampling and hematological study in Beluga, Huso huso
(L.). Fish Physiol Biochem 2012; 38: 493-498.

3.

Weber RA, Peleteiro JB, Martín LG, Aldegunde M. The efficacy
of 2 phenoxyethanol, metomidate, clove oil and MS-222 as
anaesthetic agents in the Senegalese sole (Solea senegalensis
Kaup 1858). Aquaculture 2009; 288: 147-150.

7.

Cataldi E, Di Marco P, Mandich A, Cataudella S. Serum
parameters of Adriatic sturgeon Acipenser naccarii (Pisces:
Acipenseriformes): effects of temperature and stress. Comp
Biochem Phys A 1998; 121: 351-354.

4.

Roubach R, Gomes LC, Leão Fonseca FA, Val AL. Eugenol as an
efficacious anaesthetic for tambaqui, Colossoma macropomum
(Cuvier). Aquac. Res. 2005; 36: 1056-1061.

8.

Staurnes M, Sigholt T, Pedersen HP, Rustad T. Physiological
effects of simulated high-density transport of Atlantic cod
(Gadus morhua). Aquaculture 1994; 119: 381-391.

831

DUMAN / Turk J Vet Anim Sci
9.

Barnett CW, Pankhurst NW. The effects of common laboratory
and husbandry practices on the stress response of greenback
flounder Rhombosolea tapirina (Günther, 1862). Aquaculture
1998; 162: 313-329.

26.

Trenzado CE, Carrick TR, Pottinger TG. Divergence of
endocrine and metabolic responses to stress in two rainbow
trout lines selected for differing cortisol responsiveness to
stress. Gen Comp Endocr 2003; 133: 332-340.

10.

Ross LG, Ross B. Anaesthetic and sedative techniques for
aquatic animals. 3rd Ed. England, UK: Oxford Blackwell
Publishing; 2008.

27.

Kocabatmaz M, Ekingen G. Standardization of haematological
methods and taking blood from various fish species. J of
Nature Sci 1984; 2: 149-159.

11.

Robertson L, Thomas P, Arnold CR. Plasma cortisol and
secondary stress responses of cultured red drum (Sciaenops
ocellatus) to several transportation procedures. Aquaculture
1998; 68: 115-130.

28.

Stolen SJ, Fletcher TC, Rowley AF, Zelikoff JT, Kaattari SL,
Smith, SA. Techniques in fish immunology. Fish immunology
technical communications. 1st Ed. Virginia-Maryland, USA:
SOS Publications; 1994.

12.

Barton BA, Iwama GK. Physiological changes in fish from
stress in aquaculture with emphasis on the response and
effects of corticosteroids. Annu Rev Fish Dis 1991; 1: 3-26.

29.

Blaxhall PC. The haematological assessment of the health of
freshwater fish: a review of selected literature. J Fish Biol 1972;
4: 593-604.

13.

Barton BA. Stress in fishes: a diversity of responses with
particular reference to changes in circulating corticosteroids.
Integr Comp Biol 2002; 42: 517-525.

30.

Fujimaki Y, Isoda M. Fine‐structural study of leucocytes in the
goldfish, Carassius auratus. J Fish Biol 1990; 36: 821-831.

14.

Bukovskaya OS, Bayunova LV, Blokhin SV, Boev AA. The
effects of acute stress on hormonal serum levels in Russian and
stellate sturgeons during induced maturation. J Appl Ichthyol
1999; 15: 308-309.

31.

Tanyer G. Hematoloji ve laboratuvar ders kitabı. Ankara,
Turkey: Ayyıldız Ltd.; 1985.

32.

Baßmann B, Brenner M, Palm HW. Stress and welfare of
African catfish (Clarias gariepinus Burchell, 1822) in a coupled
aquaponic system. Water 2017; 9: 504.

33.

Akins RE, Levin PM, Tuan RS. Cetyltrimethylammonium
bromide discontinuous gel electrophoresis: Mr-based
separation of proteins with retention of enzymatic activity.
Anal Biochem 1992; 202: 172-178.

34.

Bartoňková J, Hyršl P, Vojtek L. Glucose determination in fish
plasma by two different moderate methods. Acta Vet Brno
2016; 85: 349-353.

35.

Düzgüneş D, Kesici T, Gürbüz F. İstatistik metodları I. Ankara,
Turkey: A.Ü. Ziraat Fakültesi Yayınları; 1983 (in Turkish).

36.

Kayali B, Yigit M, Bulut M. Evaluation of the Recovery Time
of Sea Bass (Dicentrarchus Labrax Linnaeus, 1758) Juveniles
from transport and handling stress: using ammonia nitrogen
excretion rates as a stress indicator. J Mar Sci Technol 2011; 19:
681-685.

37.

Gülen Z. Reference blood parameters values for siberian
sturgeon (Acipenser baeri, Brandt 1869). MSc, Ankara
University, Ankara, Turkey, 2010.

38.

Tavares-Dias M, Affonso EG, Oliveira SR, Marcon JL, Egami
MI. Comparative study on hematological parameters of
farmed matrinxã, Brycon amazonicus Spix and Agassiz, 1829
(Characidae: Bryconinae) with others Bryconinae species.
Acta Amazon 2008; 38: 799-805.

39.

Mommsen TP, Vijayan MM, Moon TW. Cortisol in teleosts:
dynamics, mechanisms of action, and metabolic regulation.
Rev Fish Biol Fisher 1999; 9: 211-268.

40.

Barcellos LJG, Kreutz LC, de Souza C, Rodrigues LB, Fioreze
I, Quevedo RM, Cericato L, Soso AB, Fagundes M, Conrad J
et al. Hematological changes in jundiá (Rhamdia quelen Quoy
and Gaimard Pimelodidae) after acute and chronic stress
caused by usual aquacultural management, with emphasis on
immunosuppressive effects. Aquaculture 2004; 237: 229-236.

15.

Affonso EG, Polez VLP, Correa CF, Mazon AF, Araujo MRR,
Moraes G, Rantin FT. Blood parameters and metabolites in
the teleost fish Colossoma macropomum exposed to sulfide or
hypoxia. Comp Biochem Physiol C Toxicol Pharmacol 2002;
133: 375-382.

16.

Wendelaar Bonga SE. The stress response in fish. Physiol Rev
1997; 77: 591-625.

17.

Barton BA. Salmonid fishes differ in their cortisol and glucose
responses to handling and transport stress. N Am J Aquacult
2000; 62: 12-18.

18.

Ryan JA, Hightower LE. Evaluation of heavy‐metal ion toxicity
in fish cells using a combined stress protein and cytotoxicity
assay. Environ Toxicol Chem 1994; 13: 1231-1240.

19.

Romero LM. Physiological stress in ecology: lessons from
biomedical research. Trends Ecol Evol 2004; 19: 249-255.

20.

Webb MA, Allert JA, Kappenman KM, Marcos J, Feist
GW, Schreck CB, Shackleton CH. Identification of plasma
glucocorticoids in pallid sturgeon in response to stress. Gen
Comp Endocr 2007; 154: 98-104.

21.

Tort L. Stress and immune modulation in fish. Dev Comp
Immunol 2011; 35: 1366-1375.

22.

Iversen M, Finstad B, Nilssen KJ. Recovery from loading and
transport stress in Atlantic salmon (Salmo salar L.) smolts.
Aquaculture 1998; 168: 387-394.

23.

Iwama GK, Ackerman PA. Anaesthetics. Biochemistry and
molecular biology of fishes 1994; 3: 1-15.

24.

Velíšek J, Svobodova Z. Anaesthesia of common carp
(Cyprinus carpio L.) with 2 phenoxyethanol: acute toxicity and
effects on biochemical blood profile. Acta Vet Brno 2004; 73:
247-252.

25.

Blaxhall PC, Daisley KW. Routine haematological methods for
use with fish blood. J Fish Biol 1973; 5: 771-781.

832

DUMAN / Turk J Vet Anim Sci
41.

Pedron JS, Miron DS, Rodrigues RV, Okamoto MH, Tesser
MB, Sampaio LA. Stress response in transport of juvenile cobia
Rachycentron canadum using the anesthetic benzocaine. Lat
Am J Aquat Res 2016; 44: 638-643.

42.

Hutchinson TH, Manning MJ. Seasonal trends in serum
lysozyme activity and total protein concentration in dab
(Limanda limanda L.) sampled from Lyme Bay, UK. Fish
Shellfish Immunol 1996; 6: 473-482.

43.

44.

45.

46.

Inoue LAKA, Afonso LOB, Iwama GK, Moraes G. Effects of
clove oil on the stress response of matrinxã (Brycon cephalus)
subjected to transport. Acta Amazon 2005; 35: 289-295.
Shaluei F, Hedayati A, Jahanbakhshi A, Baghfalaki M.
Physiological responses of great sturgeon (Huso huso) to
different concentrations of 2-phenoxyethanol as an anesthetic.
Fish Physiol Biochem 2012; 38: 1627-1634.
Okafor AI, Achilefu LN. Haematological responses to stress
of transportation and acclimation on the African catfish,
Heterobranchus bidorsalis Geoffrey, Saint Hilare. Int Res Med
Sci 2015; 3: 6-15.
Akinrotimi OA, Ansa EJ, Owhonda KN, Onunkwo DN, Edun
OM, Anyanwu PE, Opara JY, Cliffe PT. Effects of transportation
stress on haematological parameters of blackchin tilapia
Sarotherodon melanotheron. J Anim Vet Adv 2007; 6: 841-845.

51.

Brinn RP, Marcon JL, McComb DM, Gomes LC, Abreu
JS, Baldisseroto B. Stress responses of the endemic
freshwater cururu stingray (Potamotrygon cf. histrix) during
transportation in the Amazon region of the Rio Negro. Comp
Biochem Phys A 2012; 162: 139-145.

52.

Houston AH, Roberts WC, Kennington JA. Hematological
response in fish: pronephric and splenic involvements in the
goldfish, Carassius auratus L. Fish Physiol Biochem 1996;
15(6): 481-489.

53.

Pilinkovskij A, Vosylienė MZ, Kazlauskienė N, Jakubauskaitė
J. Hematological effects of transportation stress on Atlantic
sturgeon Acipenser oxyrinchus Mitchill L. 1815. J Appl Ichthyol
2017 33: 1021-1023.

54.

Rowley AF, Hunt TC, Page M, Mainwaning G. Vertebrate
blood cells. In: Rowley AF, Ratcliff NA, editors. Fish Blood
Cells. London: Cambridge; Cambridge University Press; 1988.
pp. 19-127.

55.

Siwicki AK, Morand M, Klein P, Studnicka M, TerechMajewska E. Modulation of nonspecific defence mechanisms
and protection against diseases in fish. Acta Vet Brno 1998; 67:
323-328.

56.

Parodi TV, Cunha MA, Becker AG, Zeppenfeld CC, Martins
DI, Koakoski G, Barcellos LG, Heinzmann BM, Baldisserotto
B. Anesthetic activity of the essential oil of Aloysia triphylla
and effectiveness in reducing stress during transport of albino
and gray strains of silver catfish, Rhamdia quelen. Fish Physiol
Biochem 2014; 40: 323-334.

57.

Dobšíková R, Svobodová Z, Blahová J, Modrá H, Velíšek J.
Stress response to long distance transportation of common
carp (Cyprinus carpio L.). Acta Vet Brno 2006; 75: 437-448.

47.

Adeyemo OK, Naigaga I, Alli RA. Effect of handling and
transportation on haematology of African catfish (Clarias
gariepinus). Journal of Fisheries Sciences 2009; 3: 333.

48.

Dobšíková R, Svobodova Z, Blahova J, Modra H, Velíšek J. The
effect of transport on biochemical and haematological indices
of common carp (Cyprinus carpio L.). Czech J Anim Sci 2009;
54: 510-518.

49.

Acerete L, Balasch JC, Espinosa E, Josa A, Tort L. Physiological
responses in Eurasian perch (Perca fluviatilis, L.) subjected to
stress by transport and handling. Aquaculture 2004; 237: 167178.

58.

Can E, Sümer E. Anesthetic and sedative efficacy of peppermint
(Mentha piperita) and lavender (Lavandula angustifolia)
essential oils in blue dolphin cichlid (Cyrtocara moorii). Turk J
Vet Anim Sci 2019; 43: 334-341.

50.

Hur JW, Park IS, Chang YJ. Physiological responses of the olive
flounder, Paralichthys olivaceus, to a series stress during the
transportation process. Ichthyol Res 2007; 54: 32-37.

59.

Husen MA, Sharma S. Efficacy of anesthetics for reducing
stress in fish during aquaculture practices-a review. KUSET
2014; 10: 104-123.

833

